ABSTRACT
INTRODUCTION
Paints are used to decorate, protect and prolong the life of natural and synthetic materials, and act as a barrier against environmental conditions. But due to weather and environmental conditions they undergo damage and thus rise the risk for health hazards for inhabitants [1] .
Microorganisms are also known for their potential to degrade synthetic compounds. Various microbial species are reported for paint degradation. Major groups of microbes involved in paints degradation are bacteria and fungi. Various fungi, e.g., species of Penicillium, Aspergillus, Cladosporium, Chaetomium, and Alternaria are reported to play a vital role in such degradative processes [2, 3] .
Paint's deterioration on surfaces or in the environment causes its components to be mineralized. This corrosion on the surface is not only an *Corresponding author: Sidorela Vishkulli E-mail: sidorela.vishkulli@fshn.edu.al Paper received: 24. 10. 2018. Paper accepted: 07. 11. 2018. Paper is available on the website: www.idk.org.rs/journal economic loss, but also results in the release of harmful degradation products into the environment, causing an alarming situation. Although there are certain chemical approaches available for removal of degraded products, these methods have some disadvantages [2] . The use of biocide active substances which have been used for a long time, due to environmental concerns, nowadays is requested to avoid their application.
Silver nanoparticles (Ag-NPs or nanosilver) have attracted increasing interest due to their unique physical, chemical and biological properties. Compared to their macro-scaled counterparts AgNPs exhibit broad spectrum bactericidal and fungicidal activity that has made them extremely popular in a diverse range of consumer products, including plastics, soaps, pastes, food and textiles, increasing their market value. Recently, using nanosilver as a biological agent has become increasingly common [2, 3] .
According to previous studies, silver nanoparticles have been reported to have excellent antimicrobial properties when they are used in paints and coatings [4] .
In this work we have used silver nanoparticles produced by chemical method, in paints for indoor applications, in order to investigate their antifungal properties compared to a trade biocidal substance found in our market.
EXPERIMENTAL

Drying process of raspberries
The fresh raspberries were collected and dried naturally until constant weight, in order to prevent the chemical compounds from thermal degradation.
Extraction of raspberries
A weighted amount of dried raspberries (4.5g) was ingrained into a flask with distilled water. The flask was placed in a water bath, in 30ᵒC and the content was stirred for 5 minutes. In the end, the content was filtered to get the filtrate for further using.
Preparation of silver nitrate solution
We weighted the exact amount of solid silver nitrate (0.0048g) and added it in a flask with distilled water. When the solid crystals of silver nitrate were soluted, we added distilled water to fill the flask until the sign, in order to obtain the required solution.
Preparation of silver nanoparticles suspension
For production of the suspension of silver nanoparticles, we used the chemical method. The prepared solution of silver nitrate was used as source for silver ions and the extract of raspberry as a reducing and stabilizing agent. NaOH 1M solution was used to adjust pH to 10. The mixture was stirred on a magnetic stirrer for 5 minutes. The produced suspension was kept in plastic container to stand and then analysed with UV-VIS spectrophotometer to obtain his absorption spectra.
Mycological investigation
For studying the mycological efficacy of Ag nanoparticles, a series of three samples were prepared for each observation according to the table below. Aspergillus terreus was the fungus which was investigated in this experimental work.
As it can be seen by the table below, for this experimental work we prepared five different samples in order to compare the results. The samples differ from each other by the amount of Ag suspension and biocide substance added. For each case we prepared three parallel samples in order to obtain better results.
In figure 1 are presented all the samples with their components mixed together. The numbers in the figure refer to the numbers of sample to table 1. 
RESULTS AND DISCUSSION
The absorption spectra of raspberry extract and silver suspension are shown below (figure 2).
Figure 2 The absorption spectra of raspberry extract (blue line) and silver nanoparticles suspension (red line) Slika 2. Spektri apsorpcije ekstrakta maline (plava linija) i suspenzije nanočestica srebra (crvena linija)
From the graph it can be seen that the maximum peak of absorption of silver nanoparticles is not overlapped with the maximum of extract, which means that they do not interferee in absorbance measurements in the production of silver suspension. The peak around 450nm corresponds to the characteristics surface Plasmon resonance of silver nanoparticles.
Mycological investigation for all samples
In figure 3 is presented only the fungus without any amount of biocide substance or Ag suspension added to plate of testing. As it is shown in the figure, fungus is grown better after 14 days of incubation, where it has filled nearly all the surface of the testing plate. From figures we can conclude that Ag nanoparticles suspension produced by us doesn't have the same efficiency as the trade biocidal substance when we added them in the same volume ( fig. 4 and 5) . figure 5 , it can be seen that the fungus is grown nearly in all the plate surface, both after 7 and 14 days. But when we rise the volume of Ag nanoparticles suspension, then the antifungal effect is increased ( fig. 5 and 6 ). In figure 6 the fungus is grown but it doesn't fill all the plate surface, both after 7 and 14 days. If the biocide substance is mixed with Ag suspension, then the effect is better. This can be seen also from sample 4 and 5, for both 7 and 14 days ( fig. 7 and 8 ). In these figures it is not observed the fungus growth. 
CONCLUSION
We investigated the antifungal efficacy of silver nanoparticles in paints of indoor applications. The biocide activity of Ag nanoparticles resulted better and with increasing tendence when the amount of suspension added in the sample was increased. Also if the Ag suspension is mixed with the biocide substance the effect is better. But, it is neccessary to know which is the concentration of silver suspension itself which inhibits the fungal growth without the presence of biocidal substance. The last issue will be the subject for further studies in this field.
